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in Relation to Certain Environ-
mental Factors 
H . B. PETERSON and T. H . GOODDIN G 1 
Department of Agronomy 
Since Winogradsky first isolated an anaerobic nonsymbiotic nitrogen-fixing 
organism and Hellriegel and Wilfarth showed that the nodules on the roots 
of legumes are due to bacterial infection (38), an abundance of literature has 
appeared concerning the activity, occurrence, and distribution in soils of the 
various microorganisms capable of fixing atmospheric nitrogen. This is evi-
dence of the keen interest taken in these organisms and shows the belief in 
their importance. As a result of this interest and work much evidence has 
accumulated to support the opinion that fixation of atmospheric nitrogen in 
the soil is of marked economic importance in maintaining soil fertility. 
In this investigation a survey of Nebraska soils has been made in order to 
determine the distribution of the aerobic nonsymbiotic and symbiotic nitrogen 
fixers of the genera Azotobacter and Rhizobium respectively. In connection 
with this survey, some of the characteristics of the soils which may bring about 
this distribution were studied. 
It has been estimated by numerous investigators that a normally active 
flora of Azotobacter, in some cultivated soils, may fix as much as 30 to 40 
pounds of nitrogen per acre each year. It seemed desirable, then, to determine 
their distribution in Nebraska soils, in an effort to establish whether the soil 
flora includes these organisms and possibly to indicate why continued fair 
yields of small grain are reported on much of the land not fertilized and with-
out a legume in the rotation. 
Each year Nebraska farmers plant an estimated 3,000,000 pounds of alfalfa 
seed and 7,500,000 pounds of sweet clover with very little use of pure-culture 
inoculation. Large areas of the state, where legumes have not been extensively 
grown, are now coming under irrigation. A considerable increase in legume 
acreage will undoubtedly occur in these areas. In addition, little is known 
about legume organisms in areas now supporting large acreages of legumes. 
With such facts in mind it seemed advisable to determine the presence of 
Rhizobium meliloti in Nebraska soils in an attempt to establish some factual 
basis for inoculation recommendations to those desiring to secure new stands 
of sweet clover or alfalfa. When a legume is included in a rotation, it is 
usually desired not only to produce a maximum crop yield but also to benefit 
the soil. Only when an effective strain of Rhizobium is present in sufficient 
numbers to produce efficient nodulation on all the host plants in early stages 
of growth, can these desirable objectives be attained. 
Up to this time practically no research has been reported on the micro-
flora of the soils of Nebraska. Hence there is little basis for predicting the 
1 The senior author was a research assistant in agronomy during the years 1937-40. The manuscript 
was presented to the Grad uate Coll ege in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. The junior author ac ted as adviser during the course of these studies . 
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activity of these organisms under environmental conditions as they exist here. 
It is hoped that ·this work will not only supply some information of value in 
directing future agricultural activties, but will be of aid in stimulating and 
directing further biological and chemical studies. 
EXPERIMENT AL PROCEDURE 
Samples 
During the fall of 1938, a total of 316 soil samples were collected from 38 
important soil series in 78 of Nebraska's 93 counties. They were selected to 
include the predominant soil series of each county and were distributed as 
shown in Figure 1. None of the samples were taken from fields containing 
alfalfa or sweet clover. The majority of the samples were from cultivated 
fields containing small grain stubble or corn stalks. Aseptic technique was 
employed to insure against gross contamination. Each sample, representing 
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Fie . 1.-Azotobacter distribution in the soils of ebraska. 
a composite of about ten borings taken to a depth of six inches, was placed 
in a new 32 ounce drug carton which had been previously treated with a mix-
ture of paraffin and Opalwax.2 
The description of each soil type is given in the soil survey reports from 
the various counties ( 30). 
Determination of Azotobacter Presence 
The presence of Azotobacter was determined in these samples by the soil 
plaque method principally as described by Winogradsky ( 45, 46, 47) but with 
some modification. It consisted of mixing 50 g . of soil with 2.5 g . cornstarch, 
0.3 g. dipotassium phosphate, 0.2 g. calcium carbonate and 0.5 ml. of 0.5 per 
cent ammonium nitrate, and enough molybdate solution, containing 0.5 ml. 
of 1 per cent ammonium molybdate per liter of water, to make a well puddled 
2 Opalwax is a DuPont synthe tic wax wi th a hig h m elting point. I t was used to prevent the melting 
of the wax m ixtu re at high summer temperatures. 
AzoTOBACTER AND RHIZOBIUM 5 
paste. This paste was placed into glass caster cups 11 X 42 mm., inside 
dimensions, and smoothed on the surface with a moist glass slide. Incubation 
of the plaques was at 27 ° -28 ° C. in a closed moist chamber for 48 hours, at 
which time raised, viscous, macroscopic colonies on the surface indicated the 
presence of Azotobacter. This method was decided upon after numerous 
trials of several methods and combinations. Molybdate in small concentrations 
was found to stimulate the growth of Azotobacter, in accordance with the 
observations of several workers (2, 3, 6, 37). The nitrate was used to 
stimulate the growth of larger colonies and has been found and concluded by 
some ( 13, 16, 48) to be beneficial or at least not harmful to Azotobacter when 
present in small quantities. Many of the more sandy soils failed to show sur-
face colonies until sterilized clay soil was added to the mixture. As suggested 
by Sackett and Stewart, the addition of kaolin (27) allows the formation of 
a smooth-surfaced plaque on which macroscopic colonies may appear if the 
organisms are present. 
Determination of the Presence of Rhizobium 
In order to determine the presence of legume bacteria a method was used 
much the same as described by Wilson ( 41, 42). The alfalfa plants were 
grown in closed two-quart fruit jars fitted with bottle rubbers and caps con-
taining an opening which was plugged with cotton. One thousand grams of 
air-dry fine sand was sterilized in each jar under 20 pounds of steam pressure 
for three hours . The seeds were scarified in concentrated sulfuric acid, washed 
free of acid, soaked in mercuric chloride solution ( 1: 1000) and then washed 
free of chloride with sterile distilled water. Ten grams of the soil to be tested 
was added to each jar along with the seeds and 100 ml. of a modified Crone's 
solution ( 4 ). About ¼ inch of coarse dry sterile sand was placed over the 
seeds to reduce the incidence of "damping off" organisms. 
The jars were placed to a depth of three inches in tanks of running water 
maintained at a temperature of l8 °-20 °C. These tanks were located in the 
greenhouse. Artificial light supplemented daylight. It was not possible to test 
all the soils at one time so lights were used to insure a uniform length of day 
during all seasons. About 30 days was allowed for the growth of the nodules in 
every case. After this period of time the plants were carefully washed out and 
examined for nodules. 
Soil Reaction 
The results of several workers show that in many cases the reaction of the 
soil and the presence and growth of nitrogen-fixing organisms are very closely 
associated. It was believed that reaction data on these samples might show a 
relationship to the distribution of the organisms considered. 
After a rather extensive study of legume bacteria in soils, Wilson ( 41, 42) 
concluded that the disappearance of the organisms from the soils seemed to be 
correlated with increasing acidity. He also found that soils which had been 
limed contained sufficient legume bacteria to produce adequate nodulation . 
Bryan (5) found that nodule formation is influenced by the reaction of 
the medium. In fact Fred, Baldwin, and McCoy (9) have offered numerous 
references and reviews to indicate how profoundly aerobic nitrogen-fixing 
organisms are affected by the reaction of their environment. 
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Burk and Horner (6), Fred and Davenport (8), Gainey (10, 11, 12), 
Gainey and Batchelor (14), and Martin, Walker, and Brown (20) have found 
a close relationship between Azotobacter presence and activity, and reaction. 
Krishna ( 19) concluded that soil reaction is the dominant factor influencing 
nitrogen fixation in soils. A pH value of 6.0 has generally been maintained as 
being critical. 
Turk (35) found Azotobacter present and active in soils with pH values 
as low as 5.44. He noted no relationship between quantities of nitrogen fixed 
in aerobic culture solutions and pH values of the soils. 
In order to determine pH, electrometric methods were used on all samples. 
The quinhydrone method with a saturated calomel half-cell and a Leeds and 
Northrup potentiometer was used in all cases where the pH was below eight. 
A glass electrode apparatus (Cameron) was employed to test the samples with 
a more alkaline reaction. All pH determinations were made on a water-soil 
ratio of 2.5: 1. 
Soluble Phosphorus 
The determination of soluble phosphorus should not be overlooked since 
it is an essential element and has been found, by numerous investigators, to be 
important and intimately associated with nitrogen fixers. 
Truesdell (34 ), working with alfalfa, found phosphate beneficial to both 
plant and organism. In working with soybeans, Wilson ( 40) found that 
phosphates in soil cultures increased nodule production. Helz and Whiting 
( 15) in field trials found that phosphate fertilizers increased nodulation when 
used in amounts not inhibitory to germination. In pot experiments, Thornton 
(33) produced an increase in the number of nodules on inoculated plants by 
incorporating fresh chaff with soil. This increase was augmented by the addi-
tion of phosphate. Sewell and Gainey (29) found that in acid soils low in 
calcium, nodulation of alfalfa was benefited more by superphosphate than by 
lime, but the two in combination were best. They also found the supply of 
available phosphorus to be very important in determining the degree of 
inoculation obtained with alfalfa grown in a normally acid soil. Walker and 
Brown (39) showed that rock phosphate enabled the soil of Agronomy Farm 
at Ames to support a larger number of alfalfa and red clover organisms. The 
phosphate in combination with limestone and manure or crop residues gave a 
still larger number of viable legume organisms. 
Opinions as to the requirement and sensitivity of Azotobacter for phos-
phorus seem to be variable. Niklas et al. (23) found phosphorus as well as 
calcium to be essential. Burk and Lineweaver (7) found phosphorus not 
essential for growth of Azotobacter either in fixed or free nitrogen except 
possibly at untested concentrations below 0.1 to 1 ppm. of phosphate. At con-
centrations above this, it was very stimulating to the rate of growth. Turk 
(35) found lime, phosphorus, and potassium, either alone or in combination, 
to aid nitrogen-fixers in most cases. Martin, Walker, and Brown (20) in a 
survey of Iowa soils found the presence of Azotobacter to be associated closely 
with pH and available phosphorus, but more closely to pH. However, in a 
study of Arizona soils Martin (21) found little correlation between activity 
of Azotobacter and available phosphorus content. 
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The soluble phosphorus was determined by the leaching method described 
in detail by Russel (26) and Rhoades (25). Fifty-gram samples of air-dry 
soil were leached with one liter of buffer solution; the phosphorus found in 
the leachate is reported as parts of phosphorus pentoxide (P20 5 ) per million 
of soil. A buffer of pH 5 was used on all samples with a pH below 7 and the 
buffer of pH 7.4 was used on samples above pH 6.5, so that both buffers were 
used on the soils in the pH range of 6.5 to 7.0. The two buffer solutions were 
prepared as follows: 
Glacial acetic acid . 
Boric acid 
Sodium hydroxide 
Potassium chloride 
Buffer pH 5 
Distilled water to make 18 liters. 
Buffer pH 7.4 
.. 40 ml. 
39.8 g. 
. 19.0 g. 
.. 13.5 g. 
This is the same as above with additional sodium hydroxide 
to adj ust the reaction to pH 7.4. 
Base Exchange Capacity and Exchangeable Calcium 
Burk and Lineweaver (7) concluded that the chemical mechanism of 
nitrogen fixation by Azotobacter requires calcium or the chemically closely 
related element, strontium, in relatively large amounts, but that calcium and 
strontium are not required for growth in the presence of combined nitrogen 
if certain other elements such as magnesium are present. Horner and Burk 
(17) found that in the absence of calcium the growth of Azotobacter decreased. 
They also found that calcium acts in a catalytic role in the nitrogen-fixation 
mechanism. N iklas et al. (23) also reported the importance of calcium in 
Azotobacter metabolism. 
Working with prepared colloidal clay, McCalla (22) fou nd that calcium 
was necessary for the growth of normal forms of legume bacteria, that ab-
normal forms would not nodulate the host plant, that the best nodulation 
came when both organisms and plant received calcium, and that for best 
growth of legume bacteria it was necessary to have the clay at least 50 per cent 
saturated with calcium. Also working with prepared colloids, Horner ( 18) 
obtained data which pointed out the important role of calcium in the growth 
and nitrogen-fixing power of the soybean plant. He found that an increase 
in the available calcium was accompanied by increased absorption by the plant, 
which in turn was directly related to the better growth and nodulation. His 
work also showed that when the exchange complex was 97 per cent saturated 
with calcium, nodule production was about twice as great as when it was 
only 40 per cent saturated. Albrecht ( 1) working with soybeans showed that 
the sensitivity of the plant to soil reaction is greater with a low calcium 
supply. Walker and Brown (39) reported that applications of limestone en-
abled the soil to support larger numbers of alfa lfa and red clover organisms. 
Wilson ( 40) found that in most cases calcium compounds were effective in 
stimulating nodule production. 
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These few reports concerning the influence of calcium on legume plants 
and nodule bacteria suggest that a close relationship exists between calcium 
and successful nodulation as well as indicating the necessity of calcium for 
normal metabolism of Azotobacter when fixing nitrogen. 
Total exchange capacity is a good index of the active portion of the soil; 
exchangeable calcium is particularly important in noncalcareous soils. The 
total exchange capacity and exchangeable calcium were first determined on all 
samples not containing Azotobacter as well as on those taken from im-
mediately adjacent areas giving positive results. Data from this preliminary 
study indicated a correlation between low exchange capacity, low exchangeable 
calcium, and lack of Azotobacter. Hence it seemed desirable to continue these 
studies on all the samples so as to include data on samples positive and negative 
to the legume organism. 
For the study of total exchange capacity of the soil, an ammonium-acetate 
method based chiefly on one described by Schollenberger and Dreibelbis (28) 
was used. A 20-g. soil sample was mixed with about 30 g. of washed 
quartz sand previously treated with chromic-sulfuric acid solution. The mix-
ture was placed in a percolator tube containing a disk of filter paper covered 
with quartz sand. The sample was then covered with a layer of the sand. 
About 250 ml. of 80-per-cent ethyl alcohol neutralized with ammonium 
hydroxide, was allowed to percolate down through the sample from a 500-ml. 
volumetric Bask. This alcohol solution was followed by 400 ml. of neutral 
normal ammonium-acetate solution, which was caught in a 400-ml. beaker 
for determination of calcium. The excess ammonium-acetate solution was 
washed from the sample by 80-per-cent neutral ethyl alcohol; several portions 
of the alcohol were poured into the percolator tube and allowed to drain be-
fore attaching the volumetric Bask ( containing the alcohol solution) in order 
to prevent the solution in the Bask from being contaminated by acetate solu-
tion from the surface of the sample. Usually about 350 ml. of the alcohol 
solution was required to remove all excess ammonium acetate. The total ex-
change was then determined on the sample by transferring the entire soil 
sample to a Kjeldahl Bask, adding water and lime, and distilling the ammonia 
into N / 14 hydrochloric acid. Exchangebale calcium was determined on the 
leachate collected in the beaker by precipitating as oxalate and titrating with 
standard potassium permanganate. 
Base exchange studies were not made on samples containing more than 
0.2 per cent of calcium carbonate. This is a rather arbitrary figure, but the 
soils seemed to divide naturally at this point. The carbonate content was 
determined by measuring in a 50-ml. burette the volume of gas liberated from 
a sample of variable size, usually 1 to 10 g ., by the addition of 10 ml. of 6-
normal sulfuric acid, correcting to standard conditions, and assuming that all 
of the gas volume so obtained was carbon dioxide liberated from calciu1n 
carbonate. 
EXPERIMENT AL RESULTS 
Distribution of Azotobacter 
The presence of Azotobacter as well as the location of the soil samples are 
given in Figure 1. It seems a striking fact that most of the samples contained 
TABLE 1.-The presence of Azotobacter and Rhizobium in samples of the various soil series in relation to the chemical 
characteristics of th ose soils. 
Azotobactcr Rhizobium Phosporus pentoxide 2 Total Exchange- Clay 
Soil No. of positive positive ppm. ex tracted at exchange able saturation 
series 1 samples capacity, calcium, by 
No. P. ct. No. P. ct. pH 5.0 pH 7.4 111. eq./ ! OOg. m. eq./lOOg. ca lciu m, p. ct. 
Bridgepo rt 6 6 100 6 100 13.3 13.67 9.79 71.6 ~ N 
Lamoure 3 3 100 3 100 36.7 5.0 37.87 24.30 65.5 0 >-j 
Moody 8 8 100 8 100 1.0 0.4 25.53 I 7.90 70 .1 0 t,j 
Colby 9 9 100 8 88.8 11.4 8.2 17.68 12. 10 68 .4 ;,, () 
Knox 5 5 100 3 60.0 0.9 0.4 25 .12 16.70 66.5 >-j 
Rosebud 15 15 100 8 53.3 7.4 14.70 10.97 74.6 t'1 
" Hall 17 17 100 9 52.9 38.5 21. 4 17.84 11.46 64.2 ;,, 
Dawes 8 8 100 4 50.0 42 .1 14.7 17.91 12.67 70.7 z 
Cass 10 5 50.0 4 40 .0 8.2 1.3 16.97 13.36 78.7 
0 
Dick inson 5 5 100 2 40.0 I.I 0.4 9.55 6.40 67.0 ~ 
Shelby 5 5 100 2 40.0 3.9 24. 16 14.2 1 58.8 
;i: 
;:; 
Wabash 15 15 100 6 40.0 25 .3 3.1 24 .60 16.09 65.8 0 
Carrington 18 18 100 7 38 .8 3.9 26.15 15 .29 58.5 
t,j 
a Marshall 3 1 30 96.7 12 38.7 4.2 23.74 13 .74 57.9 ~ 
Hold rege 24 24 100 7 29.1 42.2 12. 1 19.07 12.80 67 .l 
Valentine 24 II 45.8 7 29.1 7.6 3.1 7.67 5.02 65.4 
Crete 14 14 100 3 2 1.4 14. 1 20.74 11.70 56 .4 
O'Neill 5 3 60 .0 I 20.0 12.2 9.71 5.59 57 .6 
Wa ukesha 2 1 19 90.4 3 14.3 10.9 17.84 10.94 61.3 
H astings 28 28 100 2 7. 1 I 1.8 21.16 12.13 57 .4 
Keith 6 6 100 0 0.0 9.0 I 7.35 14 .02 81.0 
1 Arranged in order of dec reasing Rhizobium content. 
2 Solu ble phosphorus recordt'.d as parts P20 5 per mi ll ion of soi l leached fro m 50 g. of air-dry soi l by 1 li ter of buffer so lution of pH 5 or 7.4. 
\0 
TABLE 2.-The presence of Azotobacter and Rhizobium in samples of the L amoure and Moody soil series 
the chemical characteristics of those soils. 
Sample 
No. 
24 
27 
185 
Av. 
12 
13 
23 
11 8 
184 
188 
189 
272 
Av. 
Extent of 
Azotobacrer 
growth 1 
xxxx 
xxxx 
xxxx 
xxxx 
XXX 
xxxx 
xxxx 
XXX 
xxxx 
xx 
xxxx 
Rhizobium 
incidence 2 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
pH 
6.86 
6.98 
7.11 
6.35 
6.48 
7.02 
7.00 
6.19 
7.82 
6.20 
7.60 
l O == no growth, x == trace, xx fai r, xxx good, xxxx excellent. 
2 0 = no growth, x == Rhizobium present. 
:i Samples containing more than 0.2% CaCO:i. 
Phosphorus pentoxide, 
ppm. extracted at 
pH 5.0 pH 7.4 
LAMOURE 
4.5 
68.9 
36.7 
MOODY 
<0.4 
2.9 
<0.4 
0.8 
0.6 
1.0 
<0.4 
14.0 
0.6 
5.0 
0.4 
<0.4 
0.7 
< 0.4 
< 0.4 
0.4 
Total 
exchange 
capacity, 
Exchange-
able 
calcium, 
m. eq. /lOOg. m. eq. / lOOg . 
38.58 
37.17 
37.87 
20.46 
28.78 
26.25 
24.65 
25.48 
27.55 
25.53 
22.60 
26.00 
Carbonate 3 
Carbonate 
24.30 
13.88 
20.71 
19.65 
19.68 
15.14 
18.36 
Carbonate 
17.90 
..... 
0 
in relation to > C) 
:,, 
c'i 
c:: 
Clay t"' .., 
saturation c:: 
by calcium, :,, > 
p. ct. t"' 
tTJ 
X 
'O 
t'1 
58.5 
:,, 
~ 69.9 t'1 
z 
.., 
65.5 f./l .., 
> .., 
0 
z 
67.8 ~ 71.9 t'1 
74.8 </> t'1 
79.8 > :,, 
59.4 n ::t; 
66.6 ttj c:: 
~ 
t'1 
70.1 .., z 
...... 
N 
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the organisms. In fact, only 23 of the 316 samples were negative,3 leaving 
92.6 per cent positive. 
Twenty of the 23 negative samples were from soils of sandy texture, of 
the O'Neill, Valentine, or Cass series (Table 1) . Only five of the 10 Cass 
samples were positive. Azotobacter were absent in 13 of the 24 Valentine and 
two of the five O'Neill samples. Two of the 21 Waukesha and one of the 31 
Marshall samples were negative. Azotobacter were present in all other samples. 
100 
90 
• 
80 
70 
60 '3 
.x: 
I-
3: 
50 
I-
0 
a: 
z 
"' w 
(.) 
4 0 
a: 
w 'o 
2 w 
> 
I-
(L <( 
30 ...J UJ 
e % POSITIVE a: 
20 
0 RE L AT I V E G R O W T It 
10 
5 .3 5 . 6 5.9 6.~ 6.5 6.8 7 . 1 7 .4 7.7 8.0 8 . 3 8 . 9 
PH 
Fie. 2.-Relationship between pH of soil and the percentage of samples in which Azotobacter 
were present and relative growth of Azotobacter in the samples in which they were 
present. 
In most instances the amount of growth within a series was extremely 
variable. However, in a few cases such as in the Moody and Lamoure series 
(Table 2) good growth was recorded for all samples . In both soils the pH 
was desirable for the organisms ( ranging between pH 6.2 and 7.8), but in 
the Moody samples the soluble phosphorus was very low ( 1 ppm.) and in the 
Lamoure it was rather high (36.7 ppm.). 
There appears to be no relationship between Azotobacter growth and 
topographic regions. However, there may be some relation to geographic 
location, but this is probably because of the predominance of certain soil series 
in these various locations. 
3 Samples tha t contained the organ isms were designated as posit ive, those without were considered 
negat ive. 
TABLE 3.-The classification of 316 soil samples according to pH, number and percentages of samples containing A z oto-
bacter and Rhizobium, average soluble phosphorus, total exchange capacity, exchangeable calcium, and the percentage 
of calcium saturation. 
Azo tobacter Rhizobium Phosphorus pcntoxiclc 1 Tota l Exchange- Clay 
pH Groups No. of positi ve positive ppm. ex tractecl at exchange able saturation 
sa mples capacity, calcium , by ca lcium, 
No. P. ct. No. P. ct. pH 5.0 pH 7.4 m.eq. / lOOg. m.cq. / 100 g . p. ct. 
5.0 - 5.3 I I 100 0 0 60.5 20.49 8.66 42.3 
5.31- 5.6 II II 100 2 I 8.2 3.8 23.7 8 13 .3 1 56.0 
5.61 - 5.9 23 23 100 2 8.7 7.1 22.08 12.41 56 .2 
5.91-6 .2 74 73 98 .6 13 17.6 12 .2 20.77 l 1.88 57.3 
6.2 1-6.5 60 56 93.3 16 26.7 10.6 20.4 8 12.62 61.6 
6.5 1- 6. 8 40 3 1 77.5 19 47.5 15.8 6.7 15.85 10.90 68.8 
6.81 -7.1 39 34 87 .l 23 59.0 27.3 8.4 18.02 12.59 69.9 
7. 11-7.4 25 22 88.0 15 60.0 4.4 15.87 11.40 71. 8 
7.41- 7.7 24 23 95. 8 20 83.3 5.4 I 8.73 15.46 82 .5 
7.71-8.0 13 13 100 11 84 .6 6.5 15.90 13.1 3 82.6 
8.0 1- 8.3 2 2 100 2 100 3.2 
8.3 1-8.6 I 1 100 l 100 6.3 
Samples 
containi ng 
carbonate 24 23 95 .8 23 95 .8 4.1 
l See foo tnote 2, Table j . 
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In order to summarize the data on another basis the samples were grouped 
according to their pH as given in Table 3. It can be seen from this table and 
from Figure 2 that there is no indication of a relationship between the pH 
and the presence of Azotobacter in the samples. It seems that the presence 
of the sandy soils that are negative may be responsible for the shape of the 
curve. However, the reaction probably does have an influence on the growth 
and activity of Azotobacter present. The average relative growth 4 of 
Azotobacter of the positive samples of each pH group was found to increase 
with a decrease in acidity, from 1 for pH group 5.3-5.6 to a maximum of 
2.7 for group 6.8-7.1, and then gradually decrease. The average growth for 
pH group 6.5-6.8 was an exception and decreased from the amount of growth 
of the previous group. It is interesting to note that this pH group showed a 
minimum in percentage of samples containing Azotobacter. This pH group is 
noted in Figure 2 to have the lowest percentage of positive samples. The 
average relative growth for samples containing carbonate was 2.5. 
From Tables 1 and 3 it can be seen there is no apparent correlation between 
the growth of Azotobacter and phosphorus content or the exchange capacity, 
exchangeable calcium, or percentage of calcium on the clay complex. An ex-
ception is the fact that the pH group 6.5-6.8, containing the lowest percentage 
of positive samples, also had the lowest average exchange capacity. It was 
noted, also, that only one of the 24 calcareous samples was negative to 
Azotobacter and that was a Valentine loamy sand. 
In the Cass samples (Table 4), where the pH is favorable in all cases, 
there is a relationship between the presence of Azotobacter and total exchange 
capacity. The negative samples had a very low exchange capacity. Sample 
49 is an exception and has an unusually high total exchange capacity for a 
sandy soil due to its high organic matter content ( above 7 per cent). This 
relationship is lacking in the sandy textured O 'Neill or Valentine samples 
where the pH is also favorable. 
Distribution of Rhizobium 
The distribution of samples containing Rhizobia is shown in Figure 3. 
Only 40 per cent of all the samples showed the capacity to nodulate alfalfa 
plants by the method employed. 
Samples of the Bridgeport, Lamoure, and Moody series were 100 per cent 
positive. Table 2 gives a summary of the data on samples of two of these 
series. Eight of the nine Colby samples were positive. On the other hand, 
only three of the 21 Waukesha samples were positive, while two of the 28 
Hastings and none of the Keith were positive. A summary of data from the 
Hastings and Keith series is given in Tables 5 and 6. It was noted that the 
two positive Hastings samples were those with the highest pH. However, 
all the samples of the Keith series had pH values greater than 6.8. Again there 
was a suggestion of environmental influence within a series that did not carry 
between series. 
Table 1 shows no correlation between the presence of Rhizobia and phos-
phorus content, total exchange capacity, exchangeable calcium or percentage 
of calcium on the complex. Bridgeport, Lamoure, and Moody samples were 
4 The average relative growth was secured by assigning a va lue of 1 to growth x, 2 to xx , 3 to xxx, 
and 4 to xxxx , and taking the average. 
TABLE 4.-The presence of Azotobacter and Rhizobium in samples of the Cass soil series in relation to the chemical 
characteristics of those soils. 
Extent of Phosphorus pentoxide, 3 T otal Exchange-
Clay 
Sample Azotobacter Rhizobiurn pH ppm . extracted at exchange able 
saturation 
No. incidence 2 capacity, calcium, by calcium, growth 1 pH 5.0 pH 7.4 m . eq . / IOOg. m. eq . / IOOg. p. ct. 
19 X X 6.72 20.7 7.0 17.67 8.98 50.8 
49 0 0 6.66 30.2 0.9 30.43 27.80 91.3 
52 X 0 6.60 1.2 0.4 21.86 18.13 82.9 
58 0 0 6.56 2.1 0.5 3.54 2.34 66.1 
59 0 0 6 .70 0.6 0.5 3.48 2.67 76.7 
62 0 0 6.55 1.0 0.7 7.97 6.10 76.5 
63 0 0 6.30 6.6 4.59 2.69 58.6 
245 X X 7.60 0.6 Carbonates 
259 X X 6.53 3.3 0.5 19.73 13.92 70.6 
275 xxxx X 7.55 <0.4 43.46 37.62 86.6 
10 5 4 8.2 1.3 16.97 13.36 78.7 
1 See footnote I, Table 2. 2 See footnote 2, T1blc 2. 3 See footn ,te 2, Table I. 
TABLE 5.-The presence of Azotobacter and Rhizobium in samples of the Keith soil series in relation to the chemical 
characteristics of those soils, and the effect of inoculation on nodulation. 
Phosphorus Total Exchange- Clay Extent of Sample Azotobacter Rhizobium pH pentoxide 
3 exchange able sa turation 
No. growth 1 incidence 
2 ppm. extracted capacity, calcium, by calcium, Inocu lation 4 
at pH 7.4 m. eq./ 100g. 111. eq./ IOOg. p. ct. 
104 X 0 7.54 8.4 15.36 12.68 82.5 X 
105 X 0 7.48 7.1 17.46 14.12 80.9 X 
106 X 0 7.37 9.5 17.34 15.17 87.5 X 
107 xx 0 7.48 11.3 16.96 15.13 89.3 X 
142 xxxx 0 7.28 17.0 17.37 12.74 73.3 X 
15 1 xxxx 0 6.83 0.6 19.62 14.3 1 72.9 X 
Av. 9.0 I 7.35 14 .02 81.0 
1 Sec footnote I, Table 2. 2 See footnote 2, Table 2. 3 See foo tnote 2, Table 1. 
4 x == nodulation when pure culture of legume orga nisms was added to the soil inoculum. 
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T ABLE 6.- The presence of Azotobacter and Rhizobium in samples of the H astings soil series in relation to the chemical 
characteristics of those soils and the effect of inoculation on nodulation . 
Extent of Phosphorus Total Exchange- Clay Sample Azotobacter Rh izobium pH pentoxide 
3 exchange able saturation 
No. growth 1 incide nce 
2 ppm. extracted capacity, calciu m, by ca lcium, Inoculation 4 
at pH 5.0 111 . eq./ 100g. 111 . eq./ 100g. p. ct. 
4 xx 0 5.82 3.3 25.36 12 .89 50.8 X 
8 xx 0 6.13 0.4 30.03 16.06 53.5 X 
9 XXX 0 6.04 0.4 26.30 14.1 6 53.8 X 
35 XXX 0 5.97 3.4 22.79 l l.1 4 48.9 X 
37 xxxx X 6.98 6.7 23.25 15.67 67.4 Not tried 
40 X 0 5.69 6.6 20.81 11.41 54 .8 X >-72 xx 0 5.90 17.8 20.48 10.60 51.7 X N 
73 XXX 0 5.97 17.5 19.06 10.37 54.4 X 0 .., 
74 X 0 6.14 9.0 20.44 11 .67 57. 1 X 0 t!i 
75 X 0 6.20 4 1.0 l 8. 19 10.58 58.2 X :,. 
76 0 6.24 6.5 19.44 11.82 60 .8 
(') 
X X .., 
92 xxxx 0 6.06 12.5 16.84 11.59 68.8 X r,; 
" 176 xxxx 0 6.35 9.4 19.50 11.32 58 .0 X :,. 
l 8 1 XXX 0 5. 14 60.5 20.49 8.66 42.3 X z 
194 0 6.06 3.5 24 .46 14.86 60.7 0 xx X 
197 X 0 6.00 13.9 20.3 1 11.54 56.8 X ~ 
207 0 6.04 6.8 19.80 11.39 57.5 ;i: X X ;:; 
2 11 X 0 6.11 5.2 17.87 10.59 59.3 X 0 
212 0 5.99 5.7 18.74 11.30 60.3 t!i xx X a 213 xxxx 0 6.33 12.9 22.33 14.1 2 63 .2 X ~ 2 14 X 0 5.72 16.8 18.8 1 10.38 55 .2 X 
215 X 0 5.97 5.4 19.72 11.34 57.5 X 
2 18 XXX 0 6.1 8 15.2 20.98 12. 10 57.7 X 
219 XXX 0 6.04 21.0 21.90 12.34 56.3 X 
220 xx 0 6.04 17.5 19.1 0 10.59 55 .4 X 
237 XXX X 6.64 2.8 22 .1 7 14.96 67.5 Not tried 
25 1 xx 0 5.72 2.9 21.97 11.95 54.4 X 
Eroded 
87 xx 0 6.23 6.3 21.45 14.29 66.6 X 
Av. 11.8 21.1 6 12 .13 57.4 
1 See footnote , I, Table 2. 
-2 Sec footnote 2, Table 2. Vl 
3 See footnote 2, Table 1. 
4 See footn0tc 4, Table 5. 
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good examples of high and low phosphorus contents among series with 100 
per cent of the samples positive to the legume organism studied. In Table 3 
and Figure 4 there seemed a definite indication of a direct relationship between 
pH and the presence of Rhizobia. With an increase in acidity there was 
a definite decrease in the number of samples containing the legume organisms. 
As in the case of Azotobacter, one of the calcareous soils was also negative 
to Rhizobia. It was Hall silt loam. 
After selecting a series such as Holdrege, where a variety of textures was 
recorded, the samples were listed with their mapped texture and an attempt 
was made to determine whether a relation existed between the texture of the 
soil and the presence of Rhizobia within a given series. The soils of this series 
were only 29.1 per cent positive and no direct relationship existed between 
the presence of the organisms and the texture of the samples. 
F ie . 3.- Rhizobium distribution in the soils of Nebraska. 
It was found that the soils of the Hastings and Keith series showed very 
little or no nodulation power according to the method used in this study. 
In order to determine whether the size of soil sample had a toxic effect and 
thus had prevented nodulation or whether the absence of sufficient organisms 
was the explanation, soils of these series were tested the same as before, but 
with an efficient strain of alfalfa bacteria 5 added to each sample. In the last 
column of Tables 5 and 6, the results are given for the pure culture study 
made on the samples of Hastings and Keith series. It was noted that in every 
case where a pure culture of Rhizobium meliloti was added to the soil of these 
series, nodulation was produced. 
Aside from the organisms about which the study was made, the results 
showed several interesting facts from the chemical determinations. Large 
differences in chemical characteristics existed between samples of soils of the 
same series. In the Holdrege series the average soluble phosphorus content was 
high, but with the buffer pH 5, the content varied from 140 ppm. in one 
sample to 1.2 ppm. in another. In the Marshall series the pH ranged from 
5 The culture was secured from Dr. C. E. Georgi of the Department of Bacteriology, Universi ty of 
Nebraska
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5.8 to 7.8, and four samples contained carbonate. The exchange capacity in the 
Cass series ranged from 43.46 m.eq./ 100 g. of soil to 3.48, while the percentage 
of the complex saturated with calcium varied from 50.8 to 91.3 per cent. 
Samples of the Carrington and Shelby series showed decided similarities. 
Both contained Azotobacter 100 per cent. The average soluble phosphorus 
was identical at 3.9 ppm. and the total exchange capacities were 26.15 and 
24.16, per cent calcium saturated 58.5 and 58.8, and Rhizobium positive 38.8 
and 40 per cent respectively. 
The relation of pH to soluble phosphorus was much as would be expected. 
With a general decrease in acidity ( toward neutrality) the average soluble 
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Fie . 4.- Relarionship between pH of soil and percentage of samples containing Rhizobia. 
phosphorus increased and then decreased again on the alkaline side. The 
average amount of calcium on the complex increased from 42.3 per cent for 
the pH group 5.0-5.3 up to 82.6 per cent for the 7.7-8.0 g roup. 
Figure 5 shows a geographic distribution of samples having a pH of 7 or 
less, classified as to their soluble phosphorus content ( extracted by one liter of 
buffer solution of pH 5). The groups were designated as low, medium, and 
high, depending on whether or not they contained less than 3 ppm., 3 to 10 
ppm., or more than 10 ppm. of soluble phosphorus respectively. This map 
shows a region of high phosphorus content in the central portion of the state 
with areas of low phosphorus content in the northeast and southeast. 
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Frc. 5.--Geographic distribution of soil samples of pH 7.0 or lower, classified as to content 
of phosphorus ex tracted by buffer solution of pH 5.0. 
DISCUSSION 
This report summanzes data collected during a two-year period on the 
occurrence and distribution of Azotobacter species and Rhizobium meliloti 
in selected soils of Nebraska. Environmental factors that may influence the 
activity and distribution of these organisms were investigated. Numerous 
samples, which represent many soil series and types, were secured aseptically 
and examined for the presence of these nitrogen-fixing organisms by methods 
that, after numerous laboratory trials, seemed to be well adapted to these 
investigations, viz., the Winogradsky plague method for Azotobacter and 
sterilized, closed jars for Rhizobia. 
The most striking thing shown by the data is the presence of Azotobacter 
in a large number of samples and the absence of the legume organisms. These 
tests showed that out of the 316 samples collected from 78 counties of the state, 
only 23 failed to show the presence of Azotobacter by the method employed. 
Many samples showed only a small amount of growth. The results from the 
Rhizobium study were different. Only 40 per cent of the samples were 
positive. It seemed fairly reasonable to believe that within comparatively 
recent years most of the soils of the state have been inoculated with Azoto-
bacter and legume organisms during the large dust storms that have prevailed 
at times. The fact that the tests failed to show the presence of the organisms 
in many of the soils does not prove that they were entirely absent, but it does 
indicate that they were either temporarily or permanently absent, present in 
very small numbers, or, if present, were unable to function. If the organisms 
had been introduced into the soil but were either absent or unable to function 
normally at the time of testing, the soil must have been an unfavorable medium. 
The large number of soils containing Azotobacter seems to indicate that the 
soil had been inoculated at one time or another with the organisms, at least 
with Azotobacter. It may be that the Rhi zobia in the absence of their host 
plant were not so resistant to the dehydration of the soil by the sun and wind 
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as Azotobacter, and were therefore unable to survive. It is known that soils 
vary in their capacity to support root nodule bacteria. With these theories in 
mind, an attempt was made to determine, if possible, some of the factors 
influencing the presence or absence of the organisms in Nebraska soils. 
Where the data were grouped according to series, the results showed that 
20 of the 23 soils negative to Azotobacter were from Cass, Valentine, or O'Neill 
series and that out of a total of 39 samples in these series only two had a 
relative Azotobacter growth greater than one. The pH of all but two of these 
samples was greater than 6, so often considered to be critical, but these two 
samples were positive. The two negative samples of the Waukesha series had 
pH values of 6 or more, while the positive samples had pH values as low as 
5.76. This was evidence to indicate that the influence of soil reaction on the 
presence of Azotobacter was a subordinate factor, and such data did not give 
a basis for explaining the absence of the organisms from the samples of any of 
these series. None of the results presented explained the absence of Azoto-
bacter, except in the instance of the Cass series, as has been pointed out in the 
results, where the samples with high exchange capacity showed the presence 
of the organisms in contrast to the absence in samples of low exchange capacity. 
The exception was the sandy soil high in organic matter. 
This grouping of soils and data according to series showed several series 
high in percentage of samples containing Rhizobia and others very low. 
Perhaps the soils in certain series have not been naturally inoculated or have 
never allowed the legume organisms to become well enough established to 
survive for any appreciable length of time. The inoculation studies on the 
Hastings and Keith series were made in order to determine whether or not the 
organisms were lacking in the soils of these series or were present but unable 
to nodulate the plants. The results show that in every case the plants produced 
nodules when the organisms were added; the amount of soil used did not have 
a toxic effect as suggested by some work by Peele and Wilson (24), who found 
that at times large amounts of soil inoculum did give unfavorable results. 
From this and the results of the chemical tests, there was no evidence that the 
alfalfa and sweet clover organisms had ever been well established in the soils 
of the Hastings and Keith series, but there was no evidence of any factors 
present that might prevent their maintenance in those soils. 
After the samples were grouped according to their reaction, the results 
showed a gradual decrease in percentage of samples positive to Azotobacter 
with an increase in acidity to a pH of 6.5-6.8 and then an increase until 100 
per cent were positive in the group 5.6-5.9. After all the negative samples 
were eliminated from each group, the average relative growth of each group 
was plotted. The curve showed an increase in growth up to a maximum at 
6.8-7.1 and then a decrease (Fig. 2). For the group 6.5-6.8 the relative growth 
was well below the curve. No direct relation between pH and the presence of 
Azotobacter appeared, nor was a reason apparent for the fact that there was a 
decrease in percentage of positive samples with an increase in acidity to the 
point 6.5-6.8 and then an increase again. It was believed that by chance the 
few sandy samples not containing Azotobacter were so distributed as to pro-
duce such a curve, but the fact that a decrease in relative growth came at the 
point of lowest percentage of positive samples seemed to give a reason to dis-
count the theory of chance. Even when all the samples of sandy texture were 
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eliminated from the group (6.5-6.8), the relative growth was only 2, which 
was still low. Possibly relative growth has no significance as suggested by 
Wilson ( 43). It may be that different species of Azotobacter function at 
different pH levels, with organisms such as the one isolated by Starkey and 
De (31) capable of functioning in very acid soils or over a wide pH range, 
exerting an influence on the findings. Several workers have shown that Azoto-
bacter can exist in soils with acidity well below pH 6, but may not be active 
in fixing nitrogen. Burk and Lineweaver (7) found that Azotobacter could 
survive at a lower pH in the presence of fixed nitrogen. Wilson and Wilson 
( 44) showed the presence of Azotobacter in soils with pH below 6. Vande-
ca veye and Anderson (36) demonstrated the presence of the organisms in 
acid soils of Washington. Working with soils from experimental fields scat-
tered throughout the state of Iowa, Sullivan ( 32) found that 64.5 per cent of 
the samples with pH below 6 contained Azotobacter by the silica gel plate 
method, but that the activity and fixing power were greater in the more 
alkaline soils. Unpublished data by the author, working on acid soils at Lin-
coln, Nebraska, showed that limed soils support a much greater Azotobacter 
population than the unlimed acid soils. Differences in results were found by 
varying the methods. Most of the evidence, then, seems to show that some 
methods are better than others for establishing the presence of Azotobacter in 
soils and that the organisms are influenced by their environment and vary 
greatly in their activity in various soils. It also indicates that Azotobacter may 
not function very much in their capacity as nitrogen fixers at pH values much 
below 6, but that they do exist in soils having a much greater acidity. 
With the same pH groupings as for Azotobacter, the results showed that 
a direct relation existed between the incidence of Rhizobia and acidity. There 
was a proportionate decrease in percentage of positive samples from 100 per 
cent at pH 8.1-8.3 down to 8.7 per cent at pH 5.6-5.9. The percentage was 
slightly higher for the group 5.3-5.6, but this represented only two positive 
samples from a small total number and a notation was made at the time of 
testing that those samples contained "only a few very small nodules well out 
on small roots." The two positive Hastings samples had the highest pH values 
of all the samples of that series, but in the case of the Keith samples, the pH 
was favorable, being above 6.8 in every instance. This would indicate that 
the reaction may have had an effect on the presence of legume organisms in 
the Hastings samples, but that some other factor was limiting the presence 
of the organisms in the samples from the Keith series. 
The soluble phosphorus content, although less than 1 ppm. in many soils, 
seemed to be sufficient for an abundant growth of Azotobacter in most soils. 
No indications were apparent that would suggest any relationship between the 
amount of soluble phosphorus found in the soils and the presence or relative 
growth of Azotobacter in these soils. These facts do not entirely agree with 
the findings of Martin, Walker, and Brown (20) or Sullivan (32), working 
with Iowa soils, who indicated a correlation between the presence of Azoto-
bacter and soluble phosphorus, although it was small. The methods of 
analysis vary, making comparisons difficult, but it seems that soluble phos-
phorus is stimulating to the growth of Azotobacter. In some soils the soluble 
phosphorus may be low at any one time, but sufficient amounts are released 
from time to time for an abundant microbial growth; other soils may have a 
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continued high content, but other factors limit the Azotobacter growth and 
activity, making a correlation difficult. 
There was no evidence in the results that would indicate an insufficient 
amount of soluble phosphorus for Rhizobium, or at least there was no apparent 
correlation between the presence of the organisms and the content of extractable 
phosphorus. 
The distribution map (Fig. 5) showing areas of high, medium, and low 
soluble phosphorus content of the soils tested, should be a guide in establishing 
future fertilizer studies in the field. 
Only 40 per cent of the soils studied contained Rhizobium meliloti in 
sufficient numbers to cause early nodulation which is a prerequisite to the 
successful growth of any legumes. Nebraska farmers plant an enormous 
amount of alfalfa and sweet clover seed each year. In view of these facts 
artificial inoculation of seed should often be profitable. There are also strong 
indications that an accompanying liming of the soil should be resorted to in 
the case of many of the acid soils, not only to benefit legumes, but to encourage 
a more active nitrogen-fixing flora of Azotobacter. 
SUMMARY AND CONCLUSIONS 
A total of 316 soil samples were collected from 38 important soil series in 
78 counties of Nebraska and examined for the presence of Azotobacter species 
and Rhizobium meliloti. 
Two hundred ninety-three of these samples, or 92.6 per cent, contained the 
Azotobacter organisms. 
Only 40 per cent of the samples showed the presence of Rhizobium meliloti 
by the method used. 
Twenty of the 23 samples without Azotobacter were from soils of sandy 
texture, of the O'Neill, Valentine, or Cass series. 
The samples were all analyzed for pH, soluble phosphorus, presence of 
carbonates, total base exchange capacity, and exchangeable calcium; calcula-
tions of the percentage of calcium saturation of the base exchange complex 
were made. Possible relations existing between these soil characteristics and 
the presence of the organisms were studied. 
A summary of the data gave no indication that the presence of Azotobacter 
was associated with the pH, soluble phosphorus, or exchange properties, except 
in the samples from the Cass series where the positive samples had the highest 
exchange capacity. 
The average relative growth of Azotobacter on the plaques from soils of 
the various pH groups increased from 1 for pH group 5.3-5.6 to 2.7 for group 
6.8-7.1 and then decreased gradually. 
An increase in acidity was accompanied by a proportional decrease in the 
number of samples containing Rhizobia. 
The presence of Rhizobia seemed to be associated with soil series character-
istics. Samples from the Bridgeport, Lamoure, and Moody series all contained 
the legume organisms. All but one of the samples from the Colby series were 
positive. None of the samples from the Keith series was positive, while only 
14.3 and 7.1 per cent of the Waukesha and Hastings series, respectively, were 
found to contain the organisms. 
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Samples containing carbonate were 95.8 per cent positive for both Azoto-
bacter and Rhizobia. They exhibited a relative growth of Azotobacter of 2.5. 
Samples of the Hastings and Keith series were inoculated with a pure 
culture of Rhizobium meliloti and then tested as before. All were found to 
produce nodules, indicating no toxic effect by the amount of soil inoculum used. 
All samples contained enough calcium on the absorption complex, as 
indicated by base exchange studies, for the growth and production of normal 
Rhizobium. 
Several large differences in chemical characteristics were noted between 
samples of the same series. Other relations were pointed out. 
Areas of low and high soluble phosphorus were shown. 
From the results it appears that inoculation of legume seed, at least of 
alfalfa and sweet clover for soils of several series, would result in increased 
yields as well as greater fixation of nitrogen. This practice would be an in-
expensive insurance of the presence of viable, efficient legume organisms in 
sufficient numbers for early infection of the host plants. Lime should also be 
expected to prove a benefit on the acid soils because many of the more acid 
soils were lacking in legume organisms. The lime would be expected to 
stimulate the activity of Azotobacter as well as legume organisms. 
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